Genotypes selection and optimizing mineral nitrogen, phosphorus and potassium fertilization are important factors that influence flax growth, yield and quality. Two field experiments were conducted at the Experimental Research Station in Esmailia, Field Crops Research Institute, Agricultural Research Center, Egypt during the growing seasons of 2012/2013 and 2013/2014 seasons to study the effect of mineral nitrogen, phosphorus and potassium fertilization on yield and quality of some flax genotypes under sandy soils conditions. The experiments were carried out in a split-plot design with three replicates. The main-plots were assigned to flax genotypes (Giza 10, Sakha 2 and strain 22). The sub-plots were allocated to mineral fertilization treatments (fertilizing with mineral N, P, K, NPK and without mineral fertilization).
INTRODUCTION
Flax (Linum usitatissimum L.) production dates back to ancient history. Flax is a dual purpose crop that is grown for fiber and oil production. The gap between the production and local requirements increased because it is difficult to increase flax area due to great competition from other major winter crops. The gap could be minimized partly by increasing flax yield per unit area through sowing high yielding genotypes and optimizing the agricultural practices for growing flax among them mineral nitrogen, phosphorus and potassium fertilization.
Sowing the suitable genotypes is important factor to enhance growth, yields and its components and quality parameters of flax. In this connections, by many investigators indicating that there are significant differences due to flax genotypes in growth, yields, yield components and quality traits due to the differences in genetic structure and their interaction with environmental conditions prevailing during growing season Nourmohamadi, 2010 and Abd El-Mohsen et al., 2013) . Al-Doori (2012) and Bakry et al. (2012) showed that flax crop genotypes significantly differed for all studied yield and its component. The highest number of capsules/plant, 1000-seed weight, seed and oil yield/ha were produced from strain genotype. Wadan (2013) reported that the two tested cultivars (Sakha 1 and Sakha 2) exhibited significant differences for almost traits. Gallardo et al. (2014) indicated that significant differences among flax Genotypes were found for all studied characters. The best seed yields were observed in Prointa Lucero and Carap´e INTA varieties. Bakry et al. (2015) reported that Sakha-2 variety significantly surpassed Amon variety in plant height, technical length, seed yield/plant, straw yield/plant, 1000 seed weight, seed yield/fed, straw yield/fed, fiber %, fiber yield/fed and oil yield/fed. While, Amon variety surpassed Sakha-2 in fruiting zone length, number of capsules/plant and oil %.
Nitrogen is often the most important plant nutrients, which influences the amount of protein, protoplasm and chlorophyll formed, consequently increases cell size, leaf area and photosynthetic activity. The response of flax to nitrogen has been well established, as has the sensitivity of crop emergence and seed yield to seed-placed nitrogen (Lafond et al., 2003) . Many researchers have decided that using nitrogen fertilizer in suitable needed level could improve yields and its components as well as quality of flax, including Zimmermann et al. (2006) , Lafond et al. (2008) , Dordas (2010) , El-Nagdy et al. (2010) , Rahimi et al. (2011 ), Homayouni et al. (2013 and Soethe et al. (2013) .
Phosphorus fertilizer is second only to nitrogen fertilizer in importance as an essential crop nutrient. Phosphorus is a structural component of nucleic acids and plays a crucial role in reproductive growth (Marschner, 1995) . It is an essential nutrient for crop production due to its improvement of physiological functions (Jiao et al., 2013) . In this respect, Khan et al. (2000) reported that mean performances of flax differed for seed and straw yields with the application of phosphorus fertilizers. Ali et al. (2002) found that flax had a significant response to phosphorus application. Lafond et al. (2003) cleared that flax response to phosphorus fertilizer additions had highly variable, supporting the importance of maintaining medium to high soil P-levels to optimize flax yields. El-Nagdy et al. (2010) indicated that increasing level of the used mineral phosphorus fertilizer induced significant increases in all investigated morphological and yield characters, except number of seeds/capsule and seed oil percentage. Emam and Dewdar (2015) showed that phosphorus treatments were significantly affected straw, seed and oil yields.
Potassium (K) is participate in many important functions in plants i.e. photosynthesis, translocation of photosynthates, protein synthesis, control of ionic balance, regulation of plant stomata and water use (Marschner, 1995 and Reddya et al., 2004) , enzyme activation and osmoregulation (Mengel, 2007) . Also, potassium enhances the ability of plants to resist stress such as diseases, pests, cold and drought. Potassium performs these roles in all crops and flax, therefore it is important plant nutrient to sustain high productivity and quality, in equilibrium with other essential plant nutrients, so it is important to ensure adequate potassium for flax crop. Bakry et al. (2015) found that increasing potassium soil application up to the rate of 100 kg/fed gave the highest values of plant height, technical length, fruiting zone length, number of capsules/plant, seed yield/plant, straw yield/plant, 1000 seed weight, seed yield/fed, straw yield/fed, fiber %, fiber yield/fed, oil % and oil yield/fed. NPK fertilization is among the vital factors affecting growth, yield and quality of flax. Thus, application the suitable level of NPK is one of the favorable factors for increasing flax productivity and quality. In this respect, Sudakov et al. (1993) indicated that application of 20 kg N + 30 kg P 2 O 5 + 90 kg K 2 O/ha was adequate for a favorable annual harvest of 17 -21 t/ha of flax of CVS. K-6 and Mogilevsk-1. Dubey (1994) found that the highest seed yields and net returns of flax cv. JLS-23 came from application of 60 kg N and 30 kg P 2 O 5 /ha. Chaubey and Dwivedi (1995) showed that significant responses were recorded with up to 80 kg N, 50 kg P 2 O 5 and 30 kg S/ha. Lafond et al. (2003) showed that combined NPK fertilizers placement as a side band when seeding flax was found to be a viable option. Leilah et al. (2003) revealed that NPK fertilizers treatments caused significant effects on all studied characters. Adding 60 kg N + 15 kg P 2 O 5 + 24 kg K 2 O/fed most of the studied characters.
The purpose of this investigation was to study the effect of mineral nitrogen, phosphorus and potassium fertilization on yield and quality of some flax genotypes under sandy soils conditions in Esmailia Governorate.
MATERIALS AND METHODS
Two field experiments were conducted at Esmailia Agricultural Stationin, Agricultural Research Center, during the growing seasons of 2012/2013 and 2013/2014 seasons to study the effect of mineral nitrogen, phosphorus and potassium fertilization on yield and quality of some flax genotypes under sandy soils conditions.
The experiments were carried out in a split-plot design with three replicates. The main-plots were assigned to three flax genotypes i.e. Giza 10, Sakha 2 and strain 22. The studied Egyptian flax genotypes were obtained from Fiber Research Section, FCRI, ARC, Giza, Egypt.
The sub-plots were allocated to five mineral fertilization treatments as follows: 1. Fertilizing with mineral nitrogen (N) only. 2. Fertilizing with mineral phosphorus (P) only. 3. Fertilizing with mineral potassium (K) only. 4. Fertilizing with mineral nitrogen, phosphorus and potassium (NPK). 5. Without mineral fertilization.
The mineral nitrogen fertilizer in the form of ammonium nitrate (33.5 % N) at the rate of 75 kg N/fed. was applied in four equal doses at sowing, 30, 45 and 60 days from sowing, recpectively. The mineral phosphorus fertilizer in the form of calcium superphosphate (15.5% P 2 O 5 ) at the rate of 150 kg/fed. and mineral potassium fertilizer in the form of potassium sulphate (48.0% K 2 O) at the rate of 50 kg/fed. were added before sowing and during seed bed preparation (after ploughing and before division).
Each experimental unit area was 2 × 3 m occupying an area of 6.0 m 2 i.e. 1/700 feddan. The preceding summer crop was peanut (Arachis hypogaea L.) and kenaf (Hibiscus cannabinus L.) in the first and second seasons, respectively. The soil of experimental site was characterized as a sandy soil as shown in Table 1 , which cleared some physical and chemical properties. Fax genotypes were sown on 10 th and 7 th November in the first and second seasons, respectively by using broadcasting method at the recommended rate of each genotype. The sprinkler irrigation system was used for irrigation. The common agricultural practices for growing flax according to the recommendations of Ministry of Agriculture were followed, except the factors under study.
At full maturity, ten guarded plants were taken at random from each subplot to be used in recording the yield components characters of flax. Flax yield for straw and seed per feddan were recorded on the whole sub-plot area basis. Ten plants were retting in tubes to estimate fiber yield and quality.
Studied Characters: A-Straw yield and its components:
1-Technical length (cm). The length of main stem in cm from cotyledonary node to the lowest branching zone. 2-Stem diameter (mm). It was measured at the middle of technical length. 3-Straw yield/plant (g). As the total weight in grams of the air dried straw per plant after removing the capsules. 4-Straw yield/fed (ton). It was estimated from the rest area of each plot.
B-Seed yield and its components:
1-Fruiting zone length (cm). 2-Number of capsules/plant. 3-Number of seeds/capsule. 4-Number of seeds/plant. 5-Seed yield/plant (g). 6-Seed yield/feddan (kg). B-Fiber yield and its quality: 1-Fiber length (cm). Ten fiber ribbons from every treatment were measured in cm average fiber length of these records was calculated. 2-Fiber yield/plant (g). 3-Fiber strength (R.K.M.). 4-Fiber fineness (N.m.). It was determined using Radwan and Momtaz (1966) method according to the following equation:
N= N x L/G Where: N = Number of fibers (20 Fibers each 10 cm long). L = Length of fibers in cm G = Weight of fibers in mg All obtained data were statistically analyzed according to the technique of analysis of variance (ANOVA) for the split-plot design as published by Gomez and Gomez (1984) by using MSTAT statistical package (MSTAT-C with MGRAPH version 2.10, Crop and Soil Sciences Department, Michigan State University, USA). Least significant difference (LSD) method was used to test the differences between treatment means at 5 % level of probability as described by Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION

Genotypes performance:
Significant differences among the three studied flax genotypes i.e. Giza 10, Sakha 2 and strain 22 were detected in technical length, stem diameter, straw yield/plant, straw yield/fed, fruiting zone length, number of capsules/plant, number of seeds/plant, seed yield/plant and seed yield/fed, fiber length, fiber yield plant, fiber strength and fiber fineness during the two growing seasons as shown from data in Tables 2, 3 and 4. Whereas, the three studied flax genotypes did not differed among them in number of seeds/capsule in both season (Table 3) . Giza 10 cultivar surpassed other studied genotypes (Sakha 2 and Strain 22) in technical length, straw yield/plant, fiber length, fiber yield plant, fiber strength and fiber fineness in the two growing seasons. However, Sakha 2 cultivate superior Giza 10 and Strain 22 in stem diameter, straw yield, number of seeds/capsule, number of seeds/plant and seed yield/plant in both seasons. Whereas, Strain 22 surpassed other studied cultivate (Sakha 2 and Giza 10) and registered the highest values of fruiting zone length, number of capsules/plant and seed yield/fed under the environmental conditions of this study in both seasons.
These findings might be attributed to the differences in their genetical constitution and their interaction with environmental conditions prevailing during growing season Nourmohamadi, 2010 and Abd El-Mohsen et al., 2013) ). These results are in agreement with those detected by Al-Doori (2012), Bakry et al. (2012) , Wadan (2013), Gallardo et al. (2014) and Bakry et al. (2015) .
Effect of mineral fertilization treatments:
Mineral fertilization treatments (Fertilizing with mineral nitrogen "N" only, phosphorus "P" only, potassium "K" only, combined nitrogen, phosphorus and potassium "NPK" and without mineral fertilization) showed significant effect on all studied characters i.e. straw yield and its components (technical length, stem diameter, straw yield/plant and straw yield/fed) as shown in Table 2 , seed yield and its components (fruiting zone length, number of capsules/plant, number of seeds/capsule, number of seeds/plant, seed yield/plant and seed yield/fed) as shown in Table 3 and fiber yield and its quality (fiber length, fiber yield plant, fiber strength and fiber fineness) as shown in Table 4 in both growing seasons. Fertilizing flax plants with mineral nitrogen (75 kg N/fed.), phosphorus (23.25 kg P 2 O 5 /fed.) and potassium (24.0% K 2 O/fed.) significantly increased all studied characters (straw yield and its components, seed yield and its components and fiber yield and its quality) and produced the highest values of these traits as compared with other studied mineral fertilization treatments in both seasons. Fertilizing flax plants with mineral nitrogen (75 kg N/fed) only came in the second rank after application combined NPK treatment, where the differences between them were significant in both seasons. Fertilization flax plants with fertilizing with mineral phosphorus (23.25 kg P 2 O 5 /fed) only came in the third rank and followed by fertilizing plants with fertilizing with mineral potassium (24.0% K 2 O/fed) only with respect to all studied characters in both seasons. On the other hand, control treatment (without mineral fertilization) gave the lowest values of all studied characters.
These increases in all studied characters due to using combined mineral NPK treatment may be ascribed to combine the desirable effect of nitrogen fertilizer in formation of proteins, protoplasm and chlorophyll, consequently increases cell size, leaf area, photosynthetic activity and growth characters accordingly yield attributes. Also, the function of phosphorus in building energy for metabolism of plant growth through cellular productions such as ATP and ADP from the early stages to the end of the plant's life (Marschner, 1995) .In addition, the role of potassium in photosynthesis, translocation of photosynthates, protein synthesis, control of ionic balance, regulation of plant stomata and water use (Marschner, 1995 and Reddya et al., 2004) , enzyme activation and osmoregulation (Mengel 2007) . These results are in agreement with those obtained by Leilah et al. (2003) , Dordas (2010) , El-Nagdy et al. (2010) , Rahimi et al. (2011 ), Homayouni et al. (2013 , Soethe et al. (2013) , Bakry et al. (2015) and Emam and Dewdar (2015) .
Effect of the interaction:
The interaction between flax genotypes and mineral fertilization treatments showed significant effect on straw yield/plant, straw yield/fed, fruiting zone length, number of seeds/plant, seed yield/fed and fiber yield/plant in both growing seasons as well as seed yield/plant and fiber fineness in the first season, vice versa concerning other traits as presented in Tables 2, 3 and 4.
The highest values of straw yield/plant (Fig. 1) , fiber yield/plant (Fig. 7 ) and fiber fineness (Fig. 8) were obtained from fertilizing Giza 10 cultivar with 75 kg N + 23.25 kg P2O5 + 24.0% K2O/fed. This interaction treatments was followed by fertilizing Sakha 2 cultivar with 75 kg N + 23.25 kg P2O5 + 24.0% K2O/fed, and then fertilizing Strain 22 genotype with 75 kg N + 23.25 kg P2O5 + 24.0% K2O/fed.
Fertilizing Sakha 2 cultivar with 75 kg N + 23.25 kg P2O5 + 24.0% K2O/fed produced the highest values of straw yield/fed as graphically illustrated in Fig. 2.   Fig. 1: Straw yield (g/plant) as affected by the interaction between flax genotypes and mineral nitrogen, phosphorus and potassium (NPK) fertilization treatments during 2012/2013 and 2013/2014 seasons. Fig. 8: Fiber fineness (N.m.) as affected by the interaction between flax genotypes and mineral nitrogen, phosphorus and potassium (NPK) fertilization treatments during 2012/2013 season.
From obtained results graphically illustrated in Figs. 3, 4 , 5 and 6, respectively show that the highest values of fruiting zone length, number of seeds/plant, seed yield/plant and seed yield/fed were obtained from fertilizing Strain 22 genotype with 75 kg N + 23.25 kg P 2 O 5 + 24.0% K 2 O/fed. The second best interaction treatments between both studied factors was fertilizing Sakha 2 cultivar with 75 kg N + 23.25 kg P 2 O 5 + 24.0% K 2 O/fed, and followed by fertilizing Giza 10 cultivar with 75 kg N + 23.25 kg P 2 O 5 + 24.0% K 2 O/fed. Svistun (1993) . Yield and quality of the output of fiber flax in a crop relation with a balanced fertilizer system in relation to the weather and the content of phosphorus and potassium in dernopodzolic sandy looms of West Byelorussia. Repor 3. The effect of fertilizer on yield and quality of the output in relation to the variety of flax and PH of the Soil. Agrokhimiya No. 4, [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] 47, 5949) . Wadan, A. (2013) . Optimizing and describing the influence of planting dates and seeding rates on flax cultivars under Middle Egypt region conditions. J. of Sci. Res. and Rev., 1(2): 28-39. Zimmermann, R. ; U. Bauermann and F. Morales (2006) . Effects of growing site and nitrogen fertilization on biomass production and lignan content of linseed (Linum usitatissimum L. Fig. 8: Fiber fineness (N.m.) as affected by the interaction between flax genotypes and mineral nitrogen, phosphorus and potassium (NPK) fertilization treatments during 2012/2013 season.
CONCLUSION
